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FOREWORD 

The work reported herein was sponsored by the National Aero- 
nautics and Space Administration (NASA),   Marshall Space Flight Center 
(MSFC),  under System 921E,   Project 9194. 

The results of the tests presented were obtained by ARO,  Inc. 
(a subsidiary of Sverdrup & Parcel and Associates,  Inc.),  contract 
operator of the Arnold Engineering Development Center {AEDC),  Air 
Force Systems Command (AFSC),  Arnold Air Force Station,  Tennessee, 
under Contract AF40(600)-1200.    Program direction was provided by 
NASA/MSFC; engineering liaison was provided by North American 
Aviation,  Inc.,  Rocketdyne Division,  manufacturer of the J-2 rocket 
engine  and Douglas  Aircraft Company,  manufacturer of the S-IVB 
stage.    The testing reported herein was conducted on July 26, 1967, 
in Propulsion Engine Test Cell (J-4) of the Large Rocket Facility (LRF) 
under ARO Project No. KA1801.    The manuscript was submitted for 
publication on September 9,   1967. 

Information in this report is embargoed under the Department of 
State International Traffic in Arms Regulations.    This report may be 
released to foreign governments by departments or agencies of the 
U.  S.  Government subject to approval of NASA,   Marshall Space Flight 
Center (I-E-J),  or higher authority.    Private individuals or firms re- 
quire a Department of State export license. 

This technical report has been reviewed and is approved. 

Harold Nelson, Jr. Leonard T.  Glaser 
Captain,  USAF Colonel,  USAF 
AF Representative, LRF Director of Test 
Directorate of Test 
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ABSTRACT 

Two firings of the Rocketdyne J-2 rocket engine were conducted in 
Test Cell J-4 of the Large Rocket Facility.    The firings were accom- 
plished during test period J4-1801-03 at pressure altitudes of approxi- 
mately 100, 000 ft to evaluate S-IVB/S-V start condition effects on 
(1) engine start transients, (2) gas generator outlet temperature, 
(3) augmented spark igniter operation,  and (4) fuel pump low level stall 
margin for J-2 engine J-2052.    Engine components were thermally con- 
ditioned to temperatures predicted for S-IVB/SV first burn and one 
orbit restart on firings 03A and 03B,  respectively.    Excessive gas 
generator outlet temperature peaks were experienced on these firings, 
resulting in a gas generator outlet temperature probe failure and pre- 
mature engine shutdown on firing 03B.    The two remaining scheduled 
firings for the test period were cancelled.    Post-test inspection re- 
vealed erosion of the fuel turbine first stage,   and small cracks were 
found in the curvic coupling of fuel turbine first-stage wheel.    The 
accumulated engine firing duration was 31. 3 sec. 
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NOMENCLATURE 

A Area, in. 

ASI Augmented spark igniter 

ES Engine start,  designated as the time that helium control 
and ignition phase solenoids are energized 

GG Gas generator 

MOV Main oxidizer valve 

STDV Start tank discharge valve 

tQ Defined as the time at which the opening signal is applied to 
the start tank discharge valve solenoid 

VSC Vibration safety counts,  defined as engine vibration in excess 
of 150 g rms in a 960- to 9000-Hz frequency range 

SUBSCRIPTS 

f Force 

m Mass 

t Throat 

Vll 
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SECTION I 
INTRODUCTION 

Testing of the Rocketdyne J-2 rocket engine (S/N J-2052) using a 
S-IVB battleship stage has been in progress since July 1966 at AEDC in 
support of the J-2 engine application on the Saturn IB and Saturn V 
launch vehicles for the NASA Apollo Program.    The two firings reported 
herein were conducted during test period J4-1801-03 on July 26,   1967, 
in Propulsion Engine Test Cell (J-4) (Figs.   1 and 2, Appendix I) of the 
Large Rocket Facility (LRF) to evaluate S-IVB/S-V start condition 
effects on {1) engine start transients, (2) gas generator outlet tempera- 
ture,  (3) augmented spark igniter operation,  and (4) fuel pump low level 
stall margin.    These firings were conducted at a pressure altitude of 
approximately 100, 000 ft,  using predicted J-2 engine flight temperatures 
to simulate first burn and restart after one orbit. 

Data collected to accomplish the test objectives are presented 
herein.    Copies of all data obtained during this test have been pre- 
viously supplied to the sponsor.    The results of the previous test 
period are reported in Ref.   1. 

SECTION II 

APPARATUS 

2.1   TEST ARTICLE 

The test article was a J-2 rocket engine (Fig.  3) designed and 
developed by the Rocketdyne Division of North American Aviation, Inc. 
The engine uses liquid oxygen and liquid hydrogen as propellants and 
has a thrust rating of 225, 000 lbf at an oxidizer-to-fuel mixture ratio 
of 5. 5.   A S-IVB battleship stage was used to supply propellants to the 
engine.   A schematic of the battleship stage with the J-2 engine is shown 
in Fig. 4. 

Listings of major engine components and engine orifices for this 
test period are presented in Tables I and II (Appendix II),  respectively. 
All engine modifications and component replacements performed since 
the previous test period are presented in Tables III and IV,  respectively. 
The thrust chamber heater blankets were in place during this test 
period,  although they were not utilized. 
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2.1.1   J-2 Rocket Engine 

The J-2 rocket engine (Figs.   3 and 5,   Ref.   2) features the following 
major components: 

1. Thrust Chamber - The tubular-walled,^ bell-shaped thrust 
chamber consists of an 18. 6-in. -diam combustion chamber 
(8. 0 in.  long from the injector mounting to the throat inlet) 
with a characteristic length (L*) of 24.6 in.,   a 170.4-in.2 
throat area,  and a divergent nozzle with an expansion ratio 
of 27. 1.    Thrust chamber length (from the injector flange to 
the nozzle exit) is 107 in.    Cooling is accomplished by the cir- 
culation of engine fuel flow downward from the fuel manifold 
through 180 tubes and then upward through 360 tubes to the in- 
jector. 

2. Thrust Chamber Injector - The injector is a concentric- 
orificed (concentric fuel orifices around the oxidizer post 
orifices),  porous-faced injector.    Fuel and oxidizer injector 
orifice areas are 25.0 and 16. 0 in.  ,  respectively.    The porous 
material,   forming the injector face,  allows approximately 
3. 5 percent of total fuel flow to transpiration cool the face of 
the injector. 

3. Augmented Spark Igniter - The augmented spark igniter unit 
is mounted on the thrust chamber injector and supplies the 
initial energy source to ignite propellants in the main combus- 
tion chamber.    The augmented spark igniter chamber is an 
integral part of the thrust chamber injector.    Fuel and oxidizer 
are ignited in the combustion area by two spark plugs. 

4. Fuel Turbopump - The turbopump is composed of a two-stage 
turbine-stator assembly,  an inducer,  and a seven-stage, axial- 
flow pump.    The pump is self lubricated and nominally pro- 
duces,  at rated conditions,  a head rise of 35, 517 ft (1225 psia) 
of liquid hydrogen at a flow rate of 8414 gpm for a rotor speed 
of 26, 702 rpm. 

5. Oxidizer Turbopump - The turbopump is composed of a two- 
stage turbine-stator assembly and a single-stage centrifugal 
pump.    The pump is self lubricated and nominally produces, 
at rated conditions,  a head rise of 2117 ft (1081 psia) of liquid 
oxygen at a flow rate of 2907 gpm for a rotor speed of 8572 rpm. 

6. Gas Generator - The gas generator consists of a combustion 
chamber containing two spark plugs,  a pneumatically operated 
control valve containing oxidizer and fuel poppets,  and an in- 
jector assembly.    The oxidizer and fuel poppets provide a fuel 
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lead to the gas generator combustion chamber.    The high 
energy gases produced by the gas generator are directed to 
the fuel turbine and then to the oxidizer turbine (through the 
turbine crossover duct), before being exhausted into the thrust 
chamber at an area ratio (A/A^.) of approximately 11. 

7. Propellant Utilization Valve - The motor-driven propellant 
utilization valve is mounted on the oxidizer turbopump and by- 
passes liquid oxygen from the discharge to the inlet side of the 
pump to vary engine mixture ratio. 

8. Propellant Bleed Valves - The pneumatically operated fuel and 
oxidizer bleed valves provide pressure relief for the boiloff of 
propellants trapped between the static test stage prevalves and 
main propellant valves at engine shutdown. 

9. Integral Hydrogen Start Tank and Helium Tank - The integral 
tanks consist of a 7258-in,3 sphere for hydrogen with a 
1000-in.3 sphere for helium located within it.    Pressurized 
gaseous hydrogen in the start tank provides the initial energy 
source for spinning the propellant turbopumps during engine 
start.    The helium tank provides a helium pressure supply to 
the engine pneumatic control system. 

10. Oxidizer Turbine Bypass Valve - The pneumatically actuated 
oxidizer turbine bypass valve provides control of the fuel 
turbine exhaust gases directed to the oxidizer turbine in order 
to control the oxidizer-to-fuel turbine spinup relationship.    The 
fuel turbine exhaust gases which bypass the oxidizer turbine 
are discharged into the thrust chamber. 

11. Main Oxidizer Valve - The main oxidizer valve is a pneumat- 
ically actuated,  two-stage,  butterfly-type valve located in the 
oxidizer high pressure duct between the turbopump and the 
main injector.    The first-stage actuator positions the main 
oxidizer valve at the 14-deg position to obtain initial thrust 
chamber ignition; the second-stage actuator ramps the main 
oxidizer valve full open to accelerate the engine to main-stage 
operation. 

12. Main Fuel Valve - The main fuel valve is a pneumatically 
actuated butterfly-type valve located in the fuel high pressure 
duct Detween the turbopump and the fuel manifold. 

13. Pneumatic Control Package - The pneumatic control package 
controls all pneumatically operated engine valves and purges. 

14. Electrical Control Assembly - The electrical control assembly 
provides the electrical logic required for proper sequencing of 
engine components during operation. 
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15.      Primary and Auxiliary Flight Instrumentation Packages - The 
instrumentation packages contain sensors required to monitor 
critical engine parameters.    The packages provide environ- 
mental control for the sensors. 

2.1.2   S-IVB Battleship Stage 

The S-IVB battleship stage is approximately 22 ft in diameter and 
49 ft long and has a maximum propellant capacity of 46, 000 lb of liquid 
hydrogen and 199, 000 lb of liquid oxygen.    The propellant tanks,   fuel 
above oxidizer,   are separated by a common bulkhead.    Propellant pre- 
valves,  in the low pressure ducts (external to the tanks) interfacing the 
stage and the engine,   retain propellant in the stage until being admitted 
into the engine to the main propellant valves and serve as emergency 
engine shutoff valves.    Propellant recirculation pumps in both fuel and 
oxidizer tanks are utilized to circulate propellants through the low pres- 
sure ducts and turbopumps before engine start to stabilize hardware 
temperatures near normal operating levels and to prevent propellant 
temperature stratification.    Vent and relief valve systems are provided 
for both propellant tanks. 

Pressurization of the fuel and oxidizer tanks was accomplished by 
facility systems using hydrogen and helium,  respectively,  as the pres- 
surizing gases.    The engine-supplied gaseous hydrogen for fuel tank 
pressurization during S-IVB flight was routed to the facility vent system. 

2.2  TEST CELL 

Test Cell J-4,   Fig.   2,   is a vertically oriented test unit designed 
for static testing of liquid-propellant rocket engines and propulsion sys- 
tems at pressure altitudes of 100, 000 ft.    The basic cell construction 
provides a 1. 5-million-lbf-thrust capacity.    The cell consists of four 
major components (1) test capsule,  48 ft in diameter and 82 ft in height, 
situated at grade level and containing the test article; (2) spray cham- 
ber,   100 ft in diameter and 250 ft in depth,  located directly beneath the 
test capsule to provide exhaust gas cooling and dehumidificationj 
(3) coolant water,   steam,   nitrogen (gaseous and liquid),   hydrogen 
(gaseous and liquid),   and liquid oxygen and gaseous helium storage and 
delivery systems for operation of the cell and test article; and (4) con- 
trol building,   containing test article controls,  test cell controls,   and 
data acquisition equipment.    Exhaust machinery is connected with the 
spray chamber and maintains a low pressure before and after the engine 
firing and exhausts the products of combustion from the engine firing. 
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Before a firing, the facility steam ejector. In series with the exhaust 
machinery, provides a pressure altitude of 100, 000 ft in the test cap- 
sule.    A detailed description of the test cell is presented in Ref.   3. 

The battleship stage and the J-2 engine were oriented vertically 
downward on the centerline of the diffus er-steam ejector assembly. 
This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft 
in length),   a centerbody steam ejector within the diffuser duct,  a dif- 
fuser insert (13. 5 ft in diameter by 30 ft in length) at the inlet to the 
diffuser duct,  and a gaseous nitrogen annular ejector above the diffuser 
insert.    The diffuser insert was provided for dynamic pressure re- 
covery of the engine exhaust gases to maintain engine ambient pressure 
altitude (attained by the steam ejector) during the engine firing.    The 
annular ejector was provided to suppress steam recirculation into the 
test capsule during steam ejector shutdown.    The test cell was also 
equipped with (1) a gaseous nitrogen purge system for continuously 
inerting the normal air in-leakage of the cell; (2) a gaseous nitrogen 
repressurization system for raising test cell pressure,  after engine 
cutoff,  to a level equal to spray chamber pressure and for rapid 
emergency inerting of the capsule; and (3) a spray chamber liquid 
nitrogen supply and distribution manifold for initially inerting the spray 
chamber and exhaust ducting and for increasing the molecular weight 
of the hydrogen-rich exhaust products. 

An engine component conditioning system was provided for tem- 
perature conditioning engine components.    The conditioning system 
utilized a liquid hydrogen-helium heat exchanger to provide cold helium 
gas for component conditioning.    Engine components requiring tempera- 
ture conditioning were the thrust chamber,  crossover duct,  pneumatic 
regulator,   and main oxidizer valve closing control line and second- 
stage actuator.    Helium was routed internally through the crossover 
duct and tubular-walled thrust chamber and externally over the 
pneumatic regulator and main oxidizer valve closing control line and 
second-stage actuator. 

2.3 INSTRUMENTATION 

Instrumentation systems were provided to measure engine,  stage, 
and facility parameters.    The engine instrumentation was comprised 
of (1) flight instrumentation for the measurement of critical engine 
parameters and (2) facility instrumentation which was provided to 
verify the flight instrumentation and to measure additional engine 
parameters.    The flight instrumentation was provided and calibrated 
and periodically recalibrated at AEDC.    Appendix III contains a list of 
all measured test parameters and the locations of selected sensing points. 
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Pressure measurements were made using strain-gage-type pres- 
sure transducers.    Temperature measurements were made using 
resistance temperature transducers and thermocouples.    Oxidizer and 
fuel turbopump shaft speeds were sensed by magnetic pickup.    Fuel and 
oxidizer flow rates to the engine were measured by turbine-type flow- 
meters which are an integral part of the engine.    The propellant recir- 
culation flow rates were also monitored with turbine-type flowmeters. 
Engine side loads were measured with dual-bridge,   strain-gage-type 
load cells which were laboratory calibrated before installation.    Vibra- 
tions were measured by accelerometers mounted on the oxidizer in- 
jector dome and on the turbopumps.    Primary engine and stage valves 
were instrumented with linear potentiometers and limit switches. 

The data acquisition systems were calibrated by (1) precision elec- 
trical shunt resistance substitution for the pressure transducers,  load 
cells,  and resistance temperature transducer units; (2) voltage substi- 
tution for the thermocouples; (3) frequency substitution for shaft speeds 
and flowmeters; and (4) frequency-voltage substitution for accelerom- 
eters. 

The types of data acquisition and recording systems used during 
this test period were (1) a multiple-input digital data acquisition sys- 
tem (MicroSADIC  ) scanning each parameter at 40 samples per second 
and recording on magnetic tape,  (2) single-input,   continuous-recording 
FM systems recording on magnetic tape,  (3) photographically record- 
ing galvanometer oscillographs, (4) direct-inking,  null-balance 
potentiometer-type X-Y plotters and strip charts,   and (5) optical data 
recorders.    Applicable systems were calibrated before each test 
(atmospheric and altitude calibrations).    Television cameras,   in con- 
junction with video tape recorders,  were used to provide visual 
coverage during an engine firing,  as well as for replay capability for 
immediate examination of unexpected events. 

2.4  CONTROLS 

Control of the J-2 engine,  battleship stage,  and test cell systems 
during the terminal countdown was provided from the test cell control 
room.    A facility control logic network was provided to interconnect 
the engine control system,  major stage systems,  the engine safety 
cutoff system,  the observer cutoff circuits,   and the countdown sequencer. 
A schematic of the engine start control logic is presented in Fig.   6.   The 
sequence of engine events for a normal start and shutdown is presented 
in Figs.   7a and b.    Two control logics for sequencing the stage pre- 
valves and recirculation systems with engine start for simulating engine 
flight start sequences are presented in Figs.  7c and d. 
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SECTION III 
PROCEDURE 

Preoperational procedures were begun several hours before the 
test period.   All consumable storage systems were replenished,  and 
engine inspections,  leak checks,  and drying procedures were conducted. 
Propellant tank pressurants and engine pneumatic and purge gas samples 
were taken to ensure that specification requirements were met.    Chem- 
ical analysis of propellants was provided by the propellant suppliers. 
Facility sequence,  engine sequence,  and engine abort checks were con- 
ducted within a 24-hr time period before an engine firing to verify the 
proper sequence of events.    Facility and engine sequence checks con- 
sisted of verifying the timing of valves and events to be within speci- 
fied limits; the abort checks consisted of electrically simulating engine 
malfunctions to verify the occurrence of an automatic engine cutoff 
signal.    A final engine sequence check was conducted immediately pre- 
ceding the test period. 

Oxidizer dome, gas generator oxidizer injector,  and thrust cham- 
ber jacket purges were initiated before evacuating the test cell.   After 
completion of instrumentation calibrations at atmospheric conditions, 
the test cell was evacuated to approximately 0. 5 psia with the exhaust 
machinery, and instrumentation calibrations at altitude conditions were 
conducted.   Immediately before loading propellants on board the vehicle, 
the cell and exhaust-ducting atmosphere was inerted.   At this same 
time, the cell nitrogen purge was initiated for the duration of the test 
period,  except for the engine firing.    The vehicle propellant tanks were 
then loaded,  and the remainder of the terminal countdown was conducted. 
Table V presents the engine purges and thermal conditioning operations 
during the terminal countdown and immediately following the engine 
firing. 

Temperature conditioning of the various engine components was 
accomplished as required,  using the facility-supplied engine component 
conditioning system.    Engine components which required temperature 
conditioning were the thrust chamber, the crossover duct,  pneumatic 
regulator,  main oxidizer valve closing control line,  and main oxidizer 
valve second-stage actuator.    The engine component conditioning sys- 
tem utilized a liquid hydrogen-helium heat exchanger to provide the 
chilled helium for component conditioning. 



AEDC-TR-67-209 

SECTION IV 

RESULTS AND DISCUSSION 

4.1   TEST SUMMARY 

Two firings of the J-2 rocket engine were conducted during test 
J4-1801-03 on July 26,   1967,   for a total firing duration of 31, 3 sec. 
These firings were in support of the S-IVB/S-V J-2 engine develop- 
mental program.    Engine components were thermally conditioned to 
temperatures predicted for S-IVB/S-V first burn and one orbit restart on 
firings 03A and 03B,   respectively.    A propellant utilization valve excur- 
sion from null to the full-closed position at to + 10 sec was accomplished 
during firing 03A,   effectively changing the engine mixture ratio from 5.0 
to 5.5.    Firing 03B was conducted with the propellant utilization valve 
fully open.    Test requirements and specific test results are summarized 
in Table VI.    Start and shutdown times of selected engine valves are pre- 
sented in Table VII.    The pump inlets,   start tank,   and helium tank pres- 
sure and temperature conditions at engine start are shown in Fig.  8. 

Excessive gas generator outlet temperature peaks were experi- 
enced on these firings.    This resulted in a gas generator outlet tem- 
perature probe failure which produced a premature cutoff on firing 03B. 
The two remaining scheduled firings for the test period were cancelled. 
Specific test objectives and a brief summary of results obtained for each 
firing are presented as follows: 

Firing 

03A 

03B 

Test Objectives 

S-IVB/S-V first burn; evaluate 
the effect of thrust chamber 
resistance on gas generator 
outlet temperature and aug- 
mented spark igniter operation 
during the start transient at 
maximum start tank energy 

S-IVB/S-V restart; evaluation of 
the effect of minimum model 
specification fuel pump inlet 
pressure and maximum first 
orbit starting energy on engine 
start transient and fuel pump low 
level stall margin 

Results 

The gas generator outlet 
initial peak temperature 
was 2490°F with no second 
peak.    Augmented spark 
ignition was detected 
236 msec after engine 
start.    Post-test inspec- 
tion revealed that no aug- 
mented spark igniter 
erosion had occurred 
during this test period. 

The gas generator outlet 
temperature attained 2480°F 
before failure of the tem- 
perature probe,  prematurely 
terminating the firing at 
tn + 1. 25 sec.    A conserva- 
tive fuel pump stall margin 
was maintained during the 
start transient. 
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The presentation of the test results in the following sections will 
consist of a discussion of each engine firing with pertinent comparisons. 
The data presented will be those recorded on the digital data acquisition 
system,  except as noted. 

4.2  TEST RESULTS 

4.2.1   Firing J4-1801-03A 

The programmed 30-sec engine firing was successfully accom- 
plished.    Engine start and shutdown transients are presented in Fig. 9. 
Table VII presents selected engine valve operating times for engine 
start and shutdown.    Test cell pressure and combustion chamber pres- 
sure during the firing are presented in Fig.   10.    Pressure altitude at 
engine start was 101, 000 ft and attained a maximum of 97, 000 ft 
(geometric pressure altitude,  Ref.  4) during main-stage operation. 
Combustion chamber pressure reflects the propellant utilization valve 
excursion at about tQ + 10 sec, which effectively changed the engine 
mixture ratio from 5. 0 to 5.5.    Thermal conditions of selected engine 
components are shown in Fig.   11. 

Test conditions for firing 03A were selected to repeat conditions 
for firing 02A,  except for thrust chamber resistance to fuel flow (the 
test variable).    These test conditions are compared in Table VIII.    The 
engine was reorificed between tests 02 and 03.    The orifice diameters 
effective for these tests are presented in Table II.    Figure 12 presents 
a plot of the resistance to fuel flow during the fuel lead and gas gener- 
ator ignition on these firings.    It can be seen that firing 03A had lower 
fuel system resistance as a result of its colder thrust chamber pre- 
chill.   Both firings (02A and 03A) had 3-sec fuel leads.   A comparison 
of the gas generator ignition transients for these firings (Fig.   13) indi- 
cates the gas generator developed higher power and experienced a 
faster start on firing 02A.    The gas generator shutdown transient on 
firing 03A (Fig.   14) was normal. 

The gas generator ignition occurred at tn + 0. 669 sec on firing 03A, 
as compared to tQ + 0.642 sec on firing 02A.    The lower fuel system re- 
sistance on firing 03A produced lower gas generator fuel injector pres- 
sure during the start transient.    The lower fuel injector pressure and 
delayed gas generator ignition on firing 03A produced lower gas gener- 
ator power during the bootstrap transient period.    This lower power 
produced a slower buildup rate of the fuel and oxidizer turbine speeds 
(Fig.  15).    Therefore,  a longer time was required for thrust chamber 
ignition and for combustion chamber pressure to attain main-stage 
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operation on firing 03A (indicated by the time required for combustion 
chamber pressure to attain 550 psia; this time was tQ + 1. 925 sec on 
firing 03A,   as compared to tQ + 1. 854 sec on firing 02A).    The gas 
generator outLet temperature peaked at 2490°F on firing 03A,  as com- 
pared to 2080°F on firing 02A.    The gas generator oxidizer supply line 
temperature probably contributed to this excessive temperature peak 
on firing 03A.    The line was colder than desired during this test period, 
as indicated by a comparison of these line temperatures for firings 02A 
and 03A in Fig.   16.    The main oxidizer valve began its second-stage 
ramp during oxidizer dome prime {to + 1.001 sec); therefore, no gas 
generator outlet second peak temperature was experienced. 

Augmented spark ignition was detected 236 msec after helium con- 
trol solenoid "on" for firing 03A,   as compared to 220 msec on firing 02A, 
Vibration safety counts (vibration measured in excess of 150 g) were 
recorded for 35 msec during main chamber ignition.    Fuel pump per- 
formance (Fig.   17) indicates a conservative stall margin was main- 
tained during the engine start transient. 

Engine steady-state performance data are presented in Table IX. 
The data presented were for a 1-sec data average of test measurements 
from 29 to 30 sec and were computed using the Rocketdyne PAST 640 
modification zero performance computer program.    Engine test meas- 
urements required by the program and the program computations are 
presented in Appendix IV.    Engine performance for this test was higher 
than nominal.    Normalized data,  to standard engine performance values, 
computed by the program revealed that the gas generator oxidizer 
supply orifice,  the gas generator fuel supply orifice,   and the oxidizer 
turbine bypass orifice were all slightly undersized. 

4.2.2   Firing J4-1801-03B 

This firing was terminated at tQ + 1. 25 sec by the engine safety 
cutoff system because the failure of the gas generator outlet tempera- 
ture probe.    This was a new probe which had been installed before 
test 03.    The failure of this probe is attributed to the excessive gas 
generator temperature peaks experienced during this test period. 
Engine start and shutdown transients of selected parameters are pre- 
sented in Fig.  18.    Table VII presents selected engine valve operating 
times for engine start and shutdown.    Test cell pressure and combus- 
tion chamber pressure during the firing are presented in Fig.   19. 
PressuKfi altitude at engine start was 105, 000 ft.    The thermal condi- 
tions of engine components are shown in Fig.   20. 

10 
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The gas generator ignition and shutdown transients of selected 
parameters are presented in Fig.  21.    The energy added to the start 
tank gas by the warm, turbine components in addition to the power 
developed by the gas generator was sufficient to produce a fast buildup 
rate of the oxidizer turbine speed (Fig.   18).    This produced hydraulic 
torque sufficient to delay the beginning of the second-stage ramp of the 
main oxidizer valve until to + 1. 195 sec (194 msec slower than for 
firing 03A). 

The gas generator oxidizer supply line temperature (Fig.   16), 
similar to the temperature experienced on firing 03A, probably con- 
tributed to the excessive gas generator temperature peak and tempera- 
ture probe failure encountered on this firing. 

Fuel pump performance data (Fig.   22) indicate a conservative stall 
margin was maintained during the start transient.    Vibration safety 
counts were recorded for 9 msec during main chamber ignition. 

4.3  POST-TEST INSPECTION 

Engine inspection after this test period revealed that no apparent 
augmented spark igniter erosion had occurred.    However, the first 
stage of the fuel turbine,  both stator and wheel blades,  was eroded. 
Also,  small cracks were found in the curvic coupling of the fuel turbine 
first-stage wheel.    Rocketdyne approved delaying replacement of the 
turbopump assembly until after the next test period. 

SECTION V 

SUMMARY OF RESULTS 

The results of the two Rocketdyne J-2 rocket engine firings con- 
ducted on July 26,   1967,  in Test Cell J-4 are summarized as follows: 

1. Increased thrust chamber resistance to fuel flow results in a 
faster buildup rate of gas generator power and thrust chamber 
pressure during the bootstrap transient period. 

2. Test data indicate the temperature of the gas generator oxidizer 
supply line was probably the primary factor influencing the 
excessive initial peak temperatures (above 2400°F) experienced 
on these firings. 

3. For the S-IVB/S-V restart with maximum first orbit start 
energy (firing 03B),  the beginning of the main oxidizer valve 

11 
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second-stage ramp was 194 msec slower than for the 
S-IVB/S-V first burn with maximum start energy (firing 03A). 

No gas generator outlet second peak temperature was experi- 
enced for the S-IVB/S-V first burn firing with maximum 
starting energy (firing 03A). 

A conservative fuel pump stall margin was maintained during 
the engine start transients of this test period. 
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Fig. 2   Test Cell J-4, Artist's Conception 
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TABLE I 

MAJOR ENGINE COMPONENTS 

Part Name P/N S/N 

Thrust Chamber Body 

Thrust Chamber Injector Assembly 

Fuel Turbopump Assembly 

Oxidizer Turbopump Assembly 

Start Tank 

Augmented Spark Igniter 

Gas Generator Fuel Injector and Combustor 

Pneumatic Control Assembly 

Electrical Contro1 Package 

Primary Flight Instrumentation Package 

Auxiliary Flight Instrumentation Package 

Main Fuel Valve 

Main Oxidizer Valve 

Gas Generator Control Valve 

Start Tank Discharge Valve 

Oxidizer Turbine Bypass Valve 

Propellant Utilization Valve 

Main-Stage Control Valve 

Ignition Phase Control Valve 

Helium Control Valve 

Start Tank Vent and Relief Valve 

Helium Tank Vent Valve 

Fuel Bleed Valve 

Oxidizer Bleed Valve 

Augmented Spark Igniter Oxidizer Valve 

P/A  Purge Control Valve 

Start Tank Fill/Refill Valve 

Fuel Flowmeter 

Oxidizer Flowmeter 

Fuel Injector Temperature Transducer 

Restartable Ignition Detect Probe 

206600-31 

208021-11 

459000-161 

458176-71 

303439 

206280-21 

308360-11 

556947 

502670-11 

703685 

703680 

409120 

411031 

309040 

306875 

409940 

251351-11 

558069 

558069 

106012000 

557828-X2 

106012000 

309034 

309029 

308880 

557823 

558000 

251225 

251216 

NA5-27441 

XEOR915389 

4076553 

4084917 

4062324 

6623549 

0064 

3661349 

2008734 

4079720 

4081748 

4078716 

4078718 

4056924 

4089563 

4078714 

4079062 

4048489 

4068944 

8313568 

8275775 

342270 

4046446 

342277 

4077749 

4077746 

4077205 

4073021 

4079001 

4077752 

4074114 

12401 

211 
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TABLE II 

SUMMARY OF ENGINE ORIFICE 

Orifice 
Name 

Part 
Number 

1801-02 1801-03 
Comments 

Diameter 

Gas Generator Oxidizer 
Supply Line 

RD251-4106 0.276 in. 0. 284 in. ' 

Augmented Spark 
Igniter Oxidizer 

406361 0. 110 in. 0. 110 in. Thermostatic Orifice 

Oxidizer Turbine 
Bypass Nozzle 

RD273-8002 1. 300 in. 1.430 in. 

Gas Generator Fuel 
Supply Line 

RD273-4107 0. 472 in. 0. 489 in. 

Main Oxidizer Valve 
Closing Control 

410437 8. 34 scfm. 8. 34 scfm. 

Oxidizer Turbine 
Exhaust 

RD251-9004 9.99 in. 9.99 in. 
Installed on the Engine 
before Shipment to AEDC 
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TABLE III 
ENGINE MODIFICATIONS AT AEDC BETWEEN TESTS J4-1801-02 AND J4-1801-03 

Modification 
*  1 Completion 

Date 
Description of 
Modification 

RFD+-44-1-67 Moved TOBS-5 to TOBS-2A 

RFD-56-67 Installed One Heater and One 
Thermocouple on Both the 
Electrical Control and the 
Primary Instrument Packages 

RFD-55-67 7-24-67 Installed Gas Generator Fuel 
Supply Orifice 

Installed Gas Generator Oxidizer 
Supply Orifice 

Installed Oxidizer Turbine 
Bypass Nozzle 

RFD-54-67 Installed Turbine Component 
Isolation Insulation 

RFD-57-67 Modified Oxidizer Pump 
Discharge Pressure Sensing 
Line {Static Stage) 

t RFD - Rocketdyne Field Directive 

All Dates Not Available from Rocketdyne 

TABLE IV 
ENGINE COMPONENT REPLACEMENTS (BETWEEN TESTS J4-180I-02 AND J4-1801-03) 

Replacement Completion 
Date 

Component 
Replaced 

UCRt No. 007971 7-24-67 Gas Generator Chamber and 
Oxidizer Pump Seal Cavity 
Pressure Transducer 

Replaced for 
Reliability 

7-17-67 Gas Generator Outlet 
Temperature Probe 

t TJCR - Unsatisfactory Condition Report 
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TABLE V 
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE 

TurtMipump and Ca.* 
Generator Pure« 
(Fur«? Mamfuht 

Gu Üurc-r.Tluc   Liquid 

(tfciglne Pneumatic 
-.■■, it«tl 

OtxUller Dome 
I FacllliH LUi* ID 
ran rn.iAi 

IiHermcdiale Semi 

I 'tit1 Lunatic S.yatrm) 

rhnin Chamber 
Jacket 
ICularner Connect I 
rnml 

: ha HI Oktab« 
Temperatur* 
rondiLiujilji^r 

I'lipqp liild 
Prcaaurc anrl 
Temperature 
CmnliLUj 

hydrogen Start Tank 
»ml Helium Tank 
Prf.*.r- «ml Tem- 
peratur* Conditioning 

Cni«lower Duel 
1 crop« rot ura 
L'siiüiLluiunjf 

Mhln Chtiniaar VaW* 
Actiimloj- Tnin|Mri 
turo CuiHlltionlTij; 

Main Chtimiar Valve 

ICvndiLlämii«} 

Pneumatic Rcaulainr 
Temper alur» 
Cdh41Uvnina 

Helium,      82-  121 puu. 
»0 - 200*F 

H NLIITI inji I I  il *Cfm 
DL {'uilDiner Connect 

Silmeen,     4Hx 2i pate 
50 - 2OTF 

(Minimum! 230 acfm 

Njtroacii,     100  - 410 pnlf 
lOO - 200-F 

(Nc-auaall    2UII *c(m 

Helium. 41H) r H p-i£ 
Arabian! 
Temperature. 
HOO      7000 Achn 

Helium,     40 ■ 60 paljj 
50    2ao*r 

(tfcminalJ 60 mcim 

12      14 psijr 
50 - JWTF 

J ID 4L'fm 

"•Hunt, 1000 p*H 
30CTF In AmhiPTit 

ID ■ 10 LLim'nnn 

Oxlitlaar; 35 lu 4B pala 
-2S$tP -IB0"F 

PuB-lj 28 lo«S nail 
-4*4 TO -4LCF 

HrdrnErn: 121)0 |C 1400 p»i« 
*2DQ (a "MITF 

Helium, ] 1IKJ la 3250 paia 
-300 la -I44PK 

Helium,   -30CF 
UP Ambiant 

fl*UUW;      JWF 
to Ambient 

ntklumj    -SOCK 
tu AiablpM 

HtllUDI.    -300-F 
to Ambient 

a Timed 4re adjuakpd far tin« and !■» orbll reaiarl almuliitlLrtL [LTLüJ»*. 

**Campao«nt condition* la be malntatand within limit» fur iiii 30 rain bflfnri- angin* *l«rt or coart duration, 
whichever la lunger. 

'   'ii.[  .' 1 tjndilk™ to be maintained "Hhin Limit» fur lint  16 ram U*1DJT an£lna atari. 
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TABLE VI 

SUMMARY OF TEST REQUIREMENTS AND RESULTS 

03A 03B 

Target Actt Target Actual 

Time of Day. hr/Flrlng Dale 
1240 

^___——" 

Pressure Altitude at Engine Start,  ft i Kel   4) Will. >l I I 101,000 100. 000 

Firing Duration, see® 30.072 5 

Fuel Pump Inlet Conditions 
.line Start 

Pressure,  psla 2B. 0 1 1.0 29.6 28.0 l 1.0 28. 3 

Temperature, *F -420.4 I 0.4 -420.8 -421.5 r 0.4 

—ir^— Oxidlxer Pump Inlet ■tare, psla 43 0* 1.0 48.fi 48.0 1 1.0 

- at Engine Start Temperature. *F -294. 3 x 0. 5 -294.6 -295.3 1 0.4 -294.3 

Tank Condition* 
• tart 

Pressure,  psla 1400 1 in 1394 1400 1 10 1401 

Temperature, "F -200 1 10 -202.7 -240 1 0 -242.8 

Helium Tank Conditions 
at Engine 

Pressure, psia ... 2143 ... 211« 

persture, *F -207.7 

Thrust Chamoer Temperature 
Conditions at Engine Slart. "F 

Throat -200 1 15 -186 

Average -187 23 

Crossover '                      raturfl 
at Engine Start, 'F® 

TFTD-2 -20 1 15 -73 464 

l>-3 -38 •V'o 181 

TFTD-8 -34 till 

Main ' ■■    ■                                               trol Line 
Temperature at El                       "K® -1001 10 -150 1 10 

i'emperatu:.                     Start, *F^ 
-175 1  10 -225 i 10 -321 

Pneumatic Control Package  Tempt: 
at Ei%in«- Start. 'F® 

-100 l It -95 -150 1 10 -178 

i tme,   sec® 3 8 7. 992 

Propellant in Engine Time,  min 44 143 10 

t0 "11 !0    11 

Prevalve Sequencing I illary Auxiliary Normal Normal 

Bootstrap Line Temperature at 
t ■ D, *F 

TOBS-1 -1)1 -126 

TOBS-2 -159 ■ lit.' 

TOBS-2A -249 -^t. n 

Start Tank Discharge Valve Body 
Temperature at 1             Start, *F 

-95 --- 

Vibrations                       [>urn*.ion (msec) 
and Occurr*-                      to) tram to ^XT 25      ^^-^^ 

^—        
9      ^^"'^ 

^^      0.968 

Temperature. "F 
Initial Peak 2491 MSI 

• hoot ... 
l Chamber I                           100 psla) 

Time,  sen (Hef.  l0)O 
... 0.962 

Mam Oxidirer Valve Second-Stage Initial 
. nr.ent.   sec (Ref. t<))® 1.002 

Main-Stage Pressure No. 2. sec (Ref. tn>® 

&5D-psla Chamber Pressure Attained,  sec 
:Kef.  tBl 

Propellant Utilization Valve Position at 
Engine Start, deg      Engine Start /t(j ♦ 10 sec 

Null            -s-"^ 

^^-"       Closed 

Null    ^^-^^ 

^-~"Closed 

Open 

Excursion 

Open    ^s* 

®,. 

Data reduced f. i aph. 

nent conditioning, to be maintained within limits \   \  taut L9 min before engine start. 

Component cond.ti ■ ,u„ linfore engine atari 
whichever la longer. 
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TABLE VII 

ENGINE VALVE TIMINGS 

Firing 

J4-1B01- 

Start 

1   mk 

Diarhargr Valve 
Ma4n Fuel  Val.i 

Main Oxldiier Valve 

First S'.age 

Main Oaidixer Valve 

Sflccnd Stage 

Gas General or 

Fuel Poppet 

Gas Generator 

Ozidlacr 

Poppet 

Osidizcr Turbine 

Uypajis Valve 

rune 
ol 

Opening 

Siili.l 

Valve 

u-i 

Time, 

SBC 

Valve 

Opcmnff 

Tim-. 

BSC 

Time 

of 

Closing 

Signal 

Valve 

Delay 

rim«« 
sec 

Valve 

'. [OaTtBJ] 

Time. 

Time 

of 

üiejial 

Valve 

'clay 

Time. 

esc 

VUVE 

Opening 

Time. 

nnr 

Time 

of 

Coasting 

Signal 

Valve 

Delay 

Tune. 

nee 

Valve 

Opening 

Time. 

tie«: 

rime 

or 

Owning 

Valve 

Delay 

Time, 

see 

Valve 

Opening 

Time. 

I'ime 

t>t 

Signal 

Valve 

Delay 

Time, 

see 

Valve 

Opening 

Time. 

aee 

Tune 

of 
,  patting 

Signal 

Valve 

Delay 

Time, 

sec 

Valve 

Ope nln g 

Time, 

soc 

Time 

nf 

V'1-Jö um 

Slglutl 

'..UM 

Deny 
Timr. 

Arc 

Valve 

Closing 

Time. 

BCC 

«3A 0 0. ISC 0. ISO 0. Ml a mo a  253 ■ 3. 0UI 0. 05« o, oeo 0. 441 11.099 n nno 0.441 0.590 : . | M 0.441 0. 103 

0. 11} 

0. 0BS 0.441 0.51! 0  070 0   441 0. 27S fl  312 

01B 0 0. 155 ■ I   161 D   441 a oos 0-277 -7.8S1 0.O6B 0  046 11.441 0.017 D. 06 a 0.441 n   754 

1. 73D 

0. 441 0, OSS 0.44J 0   133 o. oss 0. 441 0  WS 0. 307 

Pre-Fire Fatal 

Sequence 
a a am B   UM 0.147 0   ODD 0-J45 -1   010 <J.'J4'" 0 441 0  049 0. 042 0.447 0.447 0,077 0.041 0.447 0. ISO 0.Ü53 11  441 0. 2 IS 0  263 

Full 

Sequence 
a OH) 0. 107 0. 449 0   DÜ] 0   348 -0. 997 0.041 0.055 0.441 0. 045 0.043 0   I4J '■  5 Ft". 1.733 0.448 0,072 0.045        0.445 0. 135 0.053 0.44S 0.104 0. 257 

Firing 
Number 
J4-1FM1- 

SilUldOWf] 

Main Fuel Valve Main Ov.inir.er Valve 
Uaa (jeneralor 

Fuel Poppet 

Gas Generator 
OvidiseT 
Poppet 

Onidi^Li  Tulluie 
Bypuaa Valvt.- 

Time 
of. 

( ."eir.i 
Signal 

Valve 
T>elay 

sec 

Valve 
i'.' ILtta 
Time, 
sec 

"I inii- 
oi 

Signal 

VKJVK 

Delay 
[line, 
sac 

Valv+- 
Clualng 
Time. 
sec 

Time 
of 

Closing 
Signal 

Valve 
Delay 
Time, 
see 

Yal»e 
C11 m Lug 
Time, 
sec 

time 

signal 

Valv« 
Delay 
Time, 
■ ee 

V.lv. 
CTJaaaituj 
Time, 
sec 

Tlme, 
ol 

opening 
Signal 

Valve 
• 

Time, 
aee 

Value 
■i ■   .in 

Time. 
ace 

01* 10 DTI 0   120 0  330 30.071 l>. 101) 0. 241 30,071 0. 07« 0. 112 JU. 0/1 o, ojo 0.013 JO. 071 n 313 0.566 

Dia 1.245 0. 112 0. 310 LMS 1)     llll 1. 245 0.091 com 1. a« 0.023 0.043 1.245 ■■   1 U. 145 

Pro-Fire Final 
üequence. 

8.002 0. 0BV D  240 B.O02 0. 062 0. 127 «.002 0.OB6 0.015 5.002 0, CIS2 0.020 S.002 0,22a 0.5B0 

Fall 
Be uuenc e 20  «26 0.067 o. 14) 29.B2B 0.063 ii, IM 20.«2S 0.019 0  040 :J 13) 0.056 11.023 20.026 B HI 0.375 

Nntes'    L All vslve signal limes are reference** to IQ. 
2. Valve oelsy time is the time rennirert for initial vaLve movement after the vftlve nnerc or closer! solenoid has been energised. 
3. Filial *pqunncB check is enuilueleu wilbuul pi up*11 *nLH  and within  12 lir before tenting, 
ft. Data reduced from oflciüogratn. 

o 
n 
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TABLE VIII 
COMPARISON OF TEST CONDITIONS FOR FIRINGS 02A AND 03A 

Firing Number:   J4-1801- 02A 03A 
i 1   Fuel Pump Inlet 

Conditions at Engine Start 
Pressure,  psia 
Temperature, °F 

28. 3 
-420.4 

29.6 
-420.6 

Oxidizer Pump Inlet 
Conditions at Engine Start 

Pressure,   psia 
Temperature, °F 

47. 7 
-295.8 

48.6 
-294.6 

Start Tank Conditions 
at Engine Start 

Pressure,  psia 
Temperature, °F 

1395 
-203 

1394 
-20*3 

Thrust Chamber Temperature 
Conditions at Engine Start, °F 

Throat 
Average 

-115 
-91 

-186 
-187 

Crossover Duct Temperature 
Conditions at Engine Start, °F 

TFTD-3 -17 -38 

Main Oxidizer Valve Closing Control 
Line Temperature at Engine Start, °F 

-96 -132 

Main Oxidizer Valve Second-Stage 
Actuator Temperature at Engine Start, °F 

-166 -299 

Pneumatic Control Package Temperature 
at Engine Start,  °F 

-116 -95 

Fuel Lead Time,   sec 3.000 3. 002 

Bootstrap Line Temperature 
at t = 0,  °F 

TOBS-1 
TOBS-2 
TOBS-3 

-76 
-50 
-252 

-134 
-159 
-249 
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TABLE IX 
ENGINE PERFORMANCE SUMMARY 

Firing Number J4-1801-03A Site* Normalized' 

Time,  sec 29.5 29.5 

Overall 
Engine 
Performance 

Thrust, lbf 
Chamber Pressure,   psia 

Mixture Ratio 
Fuel Weight Flow, lbm/sec 

Oxidizer Weight Flow,  lbm/sec 
Total Weight Flow,  lb/sec 

223,100 
773 

5.69 
fil. 2 

461.8 
543. 0 

226,900 
763 

5.66 
80.5 

455. 1 
535.6 

Thrust 
Chamber 
Performance 

Mixture Ratio 

Total Weight Flow, lb /sec 

Characteristic Velocity,  ft/sec 

5. 911 

535, 8 

7904 

5.878 

528. 4 

7912 

Fuel 
Turbopump 
Performance 

Pump Efficiency 

Pump Speed,   rpm 

Turbine Inlet Temperature,  °F 

Turbine Weight Flow,  lb/sec 

73.8 

26,598 

1263 

7. 18 

73.8 

26,328 

1235 

7. 14 

Oxidizer 
Turbopump 
Performance 

Pump Efficiency 

Pump Speed,  rpm 

Turbine Inlet Temperature,  °F 

80.4 

8613 

821 

80.4 

8546 

801 

Gas 
Generator 
Performance 

Mixture Ratio 

Chamber Pressure,  psia 

0.978 

675.8 

0.961 

669. 0 

Site - Test Data 

'Normalized - Test data corrected to standard pump inlet and 
engine ambient vacuum conditions. 
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APPENDIX III 
INSTRUMENTATION AT AEDC FOR J-2 ROCKET ENGINE 
S/N J2052 ON TEST J4-1801-03 

The instrumentation for AEDC Test J4-1801-03 is tabulated in 
Table III-l. The location of selected major engine instrumentation 
is shown in Fig.  III-l. 
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TABLE Ml-I 
LIST OF ENGINE INSTRUMENTATION 

AEDC 
Code 

(CC 

i:c 

EECL 

EECO 

EF.S 

EFBVC 

EFJT 

EFPVC/O 

EHCS 

EID 

Ei PCS 

EM CS 

EMF-1 

EMP-2 

EOBVC 

BOPVC 

EOPVO 

ESTDCS 

RASIS-1 

RASIS-2 

RGGS -1 

RGGS - 2 

Paralleler 

Cor.ti cl 

Igmiior. 

Event 

Engine Cütoff Lockin 

Engine Curoi; Signal 

Engine Statt Command 

ruel Bleed Valve Closed Limit 

Fuel Injector Temperature 

Fuel PrevaLve Closec/Open Limit 

Helum Control Sole-noic 

Ignition Detected. 

Ignition Phase Control Solenoid 

M am -Stage Control Solenoid 

Ma.n-S-age Pressure No.  1 

Main-Stage Pressure No.   2 

Oaidizer Bleed Valve Closed Limit 

Ojcidizer Prevalve Closed Limit 

Oxidi7er PrevaUe Open Limit 

Start Tank Discharge Control 
Solenoid 

Sparks 

Augmented Spark Igniter Spark 
No    1 

Augmented Spark Igniter Spark 
No    2 

Gas Generator bpark No    1 

Gag Cenerator Spark No   2 

Flow g 

QF-1A Fgel 

QF-2 Fuel 

QFKP Fuel HecirculaUon 

GO-1A Oxicizer 

GO-2 Oxiüizcr 

GORP Oxidizcr Recirculation 

Forces 

FSP-1 Side Load (Pitch) 

FSY-1 Side Load iYaw) 

Position 

LFVT Main Fuel Valve 

LGGVT Gas Generator Valve 

LpTBVT Oxiriizer Turbire Bypass Valve 

LOVT Main Oxidizer Valve 

LPUTOP Propellant Utilisation Valve 

LSTDVT Start Tank Discharge Valve 

rjp M lcro- Magnetic Oscillo- Strip X-Y 
NM Ran£e SAD1C Tape graph Chart Plotter 

urr.p 

0 to 30 v: X 

0 to 30 X X 

On/orr y. X 

Or. .'Off X >: X 

On /Off X X 

Opcn/Clohed X. 

On/Off X X 

Closed,'Open X X 

On,'Off < X 

On/Off X X 

On /Off X X 

On /Off X X 

On/Off X X 

On; Off K X 

Open/Closed X 

Closed y. X 

Open y. X 

PFF 

PFFA 

POF 

POFA 

On/Off 

On,'Off 

On /Off 

On/Off 

gpm 

D to 900D 

0 to SO0O 

Oto 160 

0 to 3000 

9 to 3000 

0 to&0 

Ibf 

±20,00 0 

=20,000 

Percent Open 

0 to 100 

O'.o 100 

0 to 1 00 

0 to 100 

0 to 100 

0 to 100 
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TABLE UM   (Continued) 

AEDC 
Code Parameter 

Pressure 

PA1 Test Cell 

PA2 Test Cell 

PA3 Test Cell 

PC-IP Thrust Chamber 

PC-3 Thrust Chamber 

PCA31-2 Augmented Spark Igniter Chamber 

PCGG-1P Gas Generator Chamber 

PCGG-2 Gai Generator Chamber 

PF.AblJ Augmented Spark Igniter Fuel 
Injection 

PFJ-1A Main Fuel Injection 

PFJ-2 Main Fuel Injection 

PFJGG-1A Gas Generator Fuel Injection 

PFJGG-2 Gas Generator Fuel Injection 

PFMI Fuel Jacket Inlet Manifold 

PF01-1A Fuel Tapoff Orifice Outlet 

PFPC-1A Fuel Pump Balance Piston Cavity 

PFPD-1P Fuel Pump Discharge 

PFPD-2 Fuel Pump Discharge 

PFPI-1 Fuel Pump Inlet 

PFPI-Z Fuel Pump Inlet 

PFP1-3 Fuel Pump Inlet 

PFPS-1P Fuel Pump Interstage 

PFRPO Fuel Hecirculation Pump Outlet 

PFRPR Fuel Recirculation Pump Return 

PFST-1P Fuel Start Tank 

PFST-2 Fuel Start Tank 

PFUT Fuel Tank Ullage 

PFVI Fuel Tank Represaunzation Line 
Nozzle Inlet 

PFVL Fuel Tank Repreasurization Line 
Nozzle Throat 

PGBNI Bypass Nozzle Inlet 

PHECMO Pneumatic Control Module Outlet 

PHEOP Oxldizer Recirculation Pump 
Purge 

PHET-1P Helium Tank 

PHET-2 Helium Tank 

PHRO-1A Helium Regulator Outlet 

POBSC Oxldizer Bootstrap Conditioning 

POBV Gas Generator Oxldizer Bleed 
Valve 

P0J-1A Mam Oxldizer Injection 

POJ-2 Main Oxldizer Injection 

POJGG-1A Gaa Generator Oxldizer Injection 

ran Micro- Magnetic Oscillo- Strip       X-Y 
No Range 

psia 

SADIC Tape graph Chart    Plotter 

0 to 0 3 X X 

0 to 1  ft X X 

a to 5 o X x 

CGI 0 to 1000 X X 

CG1A 0 to 1000 X X X 

1G1 0 to 1000 X 

CGI looo X X X 

GOVA 0 to 1000 

0 to 1000 

X 

X 

CF2 Ü to 1000 X X 

CF2A 0 to 1000 X X 

GF4 0 to 1000 X 

GF4 0 to 100O X X 

CF1 0 to 2000 X 

HF2 0 to 1000 X 

PFS 0 to 1000 X 

PF3 0 to 1500 X 

FF2 0 to 1500 X X X 

0 to 100 X X 

a to 200 X X 

0 to 200 X X 

PF6 0 to 200 

0 to 60 

0 to SO 

X 

% 
X 

TF1 0 to 1500 X X 

TFl 0 to 1300 

Oto 100 

o to looo 

0 to 1000 

X 

X 

X 

X 

X 

TGß 0 to 200 

0 to 750 

0 to 130 

X 

X 

X 

NNI 0 tn 3500 X x 

NN1 0 to 3500 X X 

NN2 0 to 750 

0 to 50 

X 

X 

X 

G02 0 to 2000 X 

C03 0 to 1000 X 

C03A 0 to 1O00 X x 

GOS 0 to 1000 X :■: 

52 



AEDC-TR-67-209 

TABLE UM (Continued) 

AEDC 
Code Parameter 

Pressure 

Tap 
Ko. Range 

POJGG-2 Gas Generator Oxidlzer Injection G05 0 to 1000 

POPBC-1A Oxldlzer Pump Bearing Coolant POT 0 to 500 

POPD-1P Oxidlzer Pump Discharge P03 0 to 1600 

POPD-2 Oxidlzer Pump Discharge P02 0 to 1600 

POPI-1 Oxldlzer Pump Inlet 0 to 100 

POPI-2 Oxldlzer Pump Inlet 0 to 200 

POPl-3 Oxldlzer Pump Inlet 0 to 100 

POPSC-1A Oxldlzer Pump Primary Seal 
Cavity POS 0 to 50 

PORPO Oxldlzer Recirculation Pump 
Outlet o tu iia 

PORPR Oxidlzer Recirculation Pump 
Return 0 to 100 

P0TI-1A Oxidlzer Turbine Inlet TG3 D to 200 

POTO-IA Oxidlzer Turbine Outlet TG4 0 to 100 

POUT Oxidlzer Tank Ullage 0 to 100 

POVCC Main Oxidlzer Valve Closing 
Control 0 to 500 

POV1 Oxldlzer Tank Repressunzation 
Line Nozzle Inlet 0 to 1000 

POVL Oxidlzer Tank RepressunzatIon 
Line Nozzle Throat 0 to 1000 

PPUV1-1A Propellant Utilization Valve Inlet POB 0 to 1000 

PPUVO-1A Propellant Utilization Valve 
Outlet P09 0 to SOD 

PTCPJP Thrust Chamber Fuel Jacket 
Purge 0 to 100 

PTPP Turbopump and Gas Generator 
Purge 0 to 250 

Speeds rpm 

NFP-1P Fuel Pump PFV 0 to 30, 000 

NFRP Fuel Recirculation Pump 0 to 15, 000 

NOP  IP Oxidlzer Pump POV 0 to 12, 000 

NORP Oxidizer Recirculation Pump Oto 15,000 

Temperatures JF 

TAJ Teat Cell (North) -50 to ->800 

TA2 Test Cell (East) -50 to +800 

TA3 Teat Cell (South) -50 to +600 

TA4 Test Cell (West! -50 to +800 

TA1P-1A Auxiliary Instrument Package -300 to +200 

TBHR-1 Helium Regulator Body (North 
Bid«) -100 to 1-50 

TBHR-2 Helium Regulator Body (South 
Side) -100 to +S0 

TBSC Oxidlzer Bootstrap Conditioning -350 to +150 

TCLC Main Oxldlzer Valve Closing 
Control Line Conditioning -325 to +200 

Micro-    Magnetic    Ostlilo-     Strip       X-Y 
SADIC Tape       graph Chart    Plotter 
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TABLE lll-l  (Continued) 

AEDC 1 Dp 
Code Parameic:! 

Temper a-t.re-> 

No 

TECP-1P Elccli ical Coiiln Is Pack ai^e K31 1A 

TFAalJ Augmented spark lgnilct Fuel 
Injection IFF! 

TFAäil.- 1 Augmente:) Spark Ignitor L.ne 

TFASIL-2 Augmented Spai k Igniter 
Tempct atui e 

Line 

T7BV-1A .•liel B.2C;.   '--"sue 0 -T1 

TFJ-1P Main Fuel Jnjouliun CI-T2 

TFPD-1P Fuel Pump Disehai ge I1 FT 1 

TPPD-2 Fuel Ptinv; Lis charge PFI 1 

r FPDD Fuel Punv Dlscil.lt gu Dl ict 

Tl-Pl-1 Fuel   Pump llllLt 

TFPI-2 Fuel Pump Inlet 

TFRPO Fuel Recit cuialion Puin| i Outlet 

TFRPR Fuel Etecirculation Pumf 
Kelurn Line 

i 

TFRT-1 Fuel Tank 

TFRT-2 Fuel Tank 

TFST-1P Fuel Start Tank TFT] 

ITST-2 Fue. Start T-ir-k T?n 
rn-D-i Fuel Turbine Discharge Duct 

TFTD-1R Fuel Turhine Discharge 
Collectui 

TFTD-2 Fuel Turome Discharge DJCI 

TFTD-3 Fuel Turbine Discharge Duct 

TFTD-3R Fuel Turbine Discharge Line 

1FTD-4 Fuel Turbine Discharge Duct 

TFTD-4R Fuel Turbine Discharge Line 

TFTD-5 Fuel  Turbine Discharge Cud 

L riD-e Fuel Turbine Discharge Duct 

TFTD-7 Fuel Turbine Discharge Duct 

TFTD-8 Fuel Turbine Discharge Duct 

TFTI-1P Fuel T-iroine Inlcl TFT'. 

TFTO Fuel Turbine Outlet TFT 2 

TGGO-1A Gas Generator Outlet GCT1 

THBT-1P helium Tank >"N n 

TMDVC Main Ondizet  Valve Actuator 
Conditioning 

TOBS ■ 1 Oxidizer Bootstrap Line 

103S-2 Oxidtzet Baot^trap Li-ie 

l'OBS-2A Oxidizer Bootstrap Line 

TOBS - J Ovidtzer Bootstrap Line 

TOBS-4 Oxicizer Eoot.-itr-dO Line 

TOBSC1 OMdizer BootBtrap Cond 
Inlet 

itioning 

TOBSCO Oxltliie:  Bootstrap Cond 
Out. et 

luomng 

TOBV-1A Oxidizer Bleed Valve GOT 2 

Micro-     Magnetic     OACIIIO-     Sin?        X-Y 
Hange Si A D1C       rape        gtaph Chart     Plotter 

- <0C Ic -tJOO 

-425 to - 100 

- JCO to +200 

-300 to +300 

--■25 to - ITS 

-425 to +250 

-■125 lo -JOO 

-42r> ;o -400 

- (20 lo -1300 

-12b to -JOO 

-4S5 to -400 

-4M to -410 

-425 to -250 

-4 25 :c -4 10 

-425 lo -4)0 

-'(SO to +100 

-J-5C to+100 

-200 to -800 

-200 to + Ü00 

-200 to +1000 

-200 to +1000 

-200 to +900 

-200 to -1003 

-200 to +il00 

-200 to +1400 

-200 :o 4 HOC 

-200 to + 1400 

-200 to +1400 

0 to 1B00 

a to IBOO 

0 to 1800 

-350 to -1DD 

-325 to +200 

-300 to +250 

-300 to +250 

-300 to +250 

-300 to +250 

-300 la +250 

0 tc 100 

-.100 to -250 
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AEDC-TR-67-209 

AEDC 
Code Parameter 

Temperatures 

TOPB-1A Oxidizer Pump Bearing Coolant 

TOPD-1P Oxidizer Pump Discharge 

TGPD-2 Oxtdlzer Pump Discharge 

TOPI-I Oxidizer Pump Inlet 

TOP1-2 Oxidizer Pump Inlet 

rOHPO Oxidl2Pr Keen culatior. Pump 
Outlet 

TORFU Oxidizer Recirculation Pump 
Return 

TORT-1 Oxidize:  Tunk 

TOHT-3 Oxidizer Tank 

TOTI-1P Oxiltzer Turbine Inlet 

TOTO-IP Oxidiici   I urbwe Outlet 

TOVL Oxidizer Tank Kepi essunzalion 
Line Noiile Tnroat 

TPIP-;P Primary I^j-t: umfnt Packs.;;? 

TPPC Pneumatic Package Conditioning 

TSC2-1 Thrust Chamoer Si.m 

T&C2-2 Turust Chambei Sum 

TSC2-3 I hru^l Chamber ikin 

TSC2-4 rh. US'. Chambei  Skin 

TSC2-5 liirubi Chamber Skin 

TSC2-G Ihrufet Chamber Skin 

TSC3-7 riiruV. Chamber Skin 

TSC2-B Thtust Chnmbe: Sk.:l 

TSC2-S Thrust Chambei Skin 

T.SC2-10 lhrust Chimoer Skin 

TSC2-I) Thrust Chamber Skin 

TSC2-12 Thtust Chambei akin 

TSC2-1J Thrust Chambei Skin 

TSC2-14 Thrust Caamber akin 

TSCZ-15 Thrust Chamber bkm 

TSC2-lb Thrust Chamber Skin 

TSC2-17 Tnrust Chamber Skin 

TSC2- 13 Thrust Chamber Skin 

TSC2-15 Thrust Chambei Skm 

TÖC2-2D Thrust Chamber Ska] 

TSC2-21 Thrust Chamber Skin 

TSC2-22 Thrust Chamber Skin 

TSC2-23 rhrus: Chamber Skm 

TSC2-24 Thrust Chamber Skin 

rsOVAL-1 Oxidizer Valve Closing Control 
Ltr.c- 

Tap 
No Ranee 

"F 

Mlcro- 
SADIC 

Magnetic 
Tape 

POT 4 -300 to -250 X 

POT? -300 to -250 X X 

POT3 -300 to -250 X 

-310 to -270 X 

-310 to -270 X 

-300 to -250 X 

-300 -D -HO ■f 

-300 to -2H7 X 

-300 to -287 X 

rcn 0 to 12D0 X 

TGT-1 0 to 100D K 

-300 to +10D X 

- 300 to +200 X 

-325 to +200 X 

-300 to +500 X 

-300 co -500 X 

-300 to +500 X 

-300 to + 500 V 

-SCO lo +500 X 

-300 to -1500 X 

-300 to + 500 X 

-300 to +500 X 

-300 to +500 X 

-300 to »500 K 

-300 to+500 X 

-300 to +500 X 

-300 to +500 X 

-300 '.o +500 X 

-300 to +500 X 

-300 to +500 X 

-300 to +500 X 

-300 to +500 X 

-300 to -500 X 

-300 tu +500 X 

-J00 to +500 X 

-300 to +500 X 

-TOO to -500 X 

-300 to +500 X 

-200 I'. +1PC X 

Osi lllo- 

Jfc-Ill,h 
sinn      V-Y 
Chi.it    [j:ciLtc. 
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TABLE lll-l  (Concluded) 

AEDC 
Code Parameter 

Temperatures 

Top 
No. 

TSOVAL-2 Oxidizer Valve Closing Control 
Line 

TSOVC-1 Oxidizer Valve Actuator Cap 

TSOVC-2 Oxidizer Valve -Actuator Filter 
Flange 

TSTC Start Tank Conditioning 

TSTDVCC Start Tank Discharge Valve 
Closing Control Port 

TSTDVOC Start Tank Discharge Valve 
Opening Control Port 

TTC1P Thrust Chamber Jacket 
{Control) CS1 

TTCEP-1 Thrust Chamber Exit 

TXOC Crossover Duct Conditioning 

Vibrations 

UFPR Fuel Pump Radial 90 deg 

UOFR Oxidizer Pump Radial 90 deg 

UTCD-1 Thrust Chamber Dome 

UTCD-2 Thrust Chamber Dome 

UTCD-3 Thrust Chamber Dome 

uivsc No.  1 Vibration Safety Count» 

U2VSC No. 2 Vibration Safety Counts 

Voltage 

VCB Control Bus 

VIB Ignition Bus 

VIDA Ignition Detect Amplifier 

VPUTEP Propellant Utilization Valve 

Range 

-200 to +100 

-325 to+150 

-325 to +150 

-350 to -flSO 

-350 to +100 

-350 to +100 

-425 to+500 

-4 25 to +500 

-3 25 to+200 

&. 

±200 

4200 

±500 

±500 

±500 

On/Oft 

On/Off 

Volts 

0 to 36 

0 to 36 

9 to 16 

0 to 5 

Micro-     Magnetic    OscilLo- 
SAD1C Tape        graph 

Strip        X-Y 
Chart     Plotter 
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a.    Engine Pressure Tap Locations 

Fig. Ill  I    Instrumentation Locations 
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b.    Engine Tompcratur«, Flow, and Sp«*d Instrumentation Locations 

Fig. II1-1   Continued 



CO 

TSOVAL-2 

Inlet Port 

Sequence 
Outlet 

C.   Main Oxidizer Valve 

Fig. Ill-l    Continued 
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/^\ 

TSTDVCC 

TSTDVOC 

Four-Way Valve 

d.    Stort Tank Discharge Valve 

Fig. Ill-l   Continued 
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Liquid 
Deflector 
Assembly 

Control 
Regulator 

High Pressure  Relief 

TBHR-2 

Helium Inlet 

Ground Vent Control 

Bleed Regulator 

Ignition 
Control 

TBHR-1 

Low Pressure Relief 

Main-Stage Control 

Helium Control 

Top View 

e.   Helium Regulator 

Fig. 111—1   Continued 
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er, 

TSC2-3 
TSC2-2 
TSC2-I 

TUBE 68 

TSC2-6 
TSC2-5 
TSC2-4 

TUBE 422 

TSC2-20 
TSC2-2I 
TSC2-22 
TSC2-23 
TSC2-24 

HAIBANDS 

EXIT  PLANE 

TUBE 392- 
TSC2-7 
TSC2-8 
TSC 2-9 

TSC2-I0 
TSC2-II 
TSC2-I2 

•TSC 2-19 
TSC2-I6 
TSC2-I7 

TUBE 206 

T5C2-I3 
TSC2-I4 
TSC2H5 
TSC2-I6 

VIEW LOOKING AFT 

f.   Thru»t Chamber 

Fig. Ill-l   Concluded 
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APPENDIX IV 
METHODS OF CALCULATIONS (PERFORMANCE PROGRAM) 

TABLE IV-1 
PERFORMANCE PROGRAM DATA INPUTS 

Item 
No. Parameter 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Thrust Chamber (Injector Face) Pressure,  psia 

Thrust Chamber Fuel and Oxidizer Injection Pressures, 
psia 

Thrust Chamber Fuel Injection Temperature, °F 

Fuel and Oxidizer Flowmeter Speeds,  Hz 

Fuel and Oxidizer Engine Inlet Pressures,  psia 

Fuel and Oxidizer Pump Discharge Pressures, psia 

Fuel and Oxidizer Engine Inlet Temperatures, CF 

Fuel and Oxidizer (Main Valves) Temperatures, °F 

Propellant Utilization Valve Center Tap Voltage, volts 

Propellant Utilization Valve Position, volts 

Fuel and Oxidizer Pump Speeds, rpm 

Gas Generator Chamber Pressure, psia 

Gas Generator (Bootstrap Line at Bleed Valve) 
Temperature, °F 

Fuel* and Oxidizer Turbine Inlet Pressure,  psia 

Oxidizer Turbine Discharge Pressure, psia 

Fuel and Oxidizer Turbine Inlet Temperature, °F 

Oxidizer Turbine Discharge Temperature, °F 

*At AEDC,  fuel turbine inlet pressure is estimated from 
gas generator chamber pressure. 
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NOMENCLATURE 

A Area,   in.2 

B Horsepower,   hp 

c* Characteristic velocity,  ft/sec 

Cp Specific heat at constant pressure,  Btu/lb/gF 

D Diameter,  in. 

H Head,  ft 

h Enthalpy,  Btu/lbm 

M Molecular weight 

N Speed,   rpm 

P Pressure,  psia 

Q Flow rate,   gpm 

R Resistance,  sec2/ft^-in. 

r Mixture ratio 

T Temperature, °F 

TC* Theoretical characteristic velocity,  ft/sec 

W Weight flow,  lb /sec 

z Pressure drop,  psi 

ß Ratio 

y Ratio of specific heats 

n Efficiency 

e Degrees 

P Density,   lb/ft3 

SUBSCRIPTS 

A Ambient 

AA Ambient at thrust chamber exit 

B Bypass nozzle 
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BIR Bypass nozzle inlet (Rankine) 

BNI Bypass nozzle inlet (total) 

C Thrust chamber 

CF Thrust chamber,  fuel 

CO Thrust chamber,  oxidizer 

CV Thrust chamber,  vacuum 

E Engine 

EF Engine fuel 

EM Engine measured 

EO Engine oxidizer 

EV Engine, vacuum 

e Exit 

em Exit measured 

F Thrust 

FIT Fuel turbine inlet 

FM Fuel measured 

FY Thrust,  vacuum 

f Fuel 

G Gas generator 

GF Gas generator fuel 

GO Gas generator oxidizer 

HI Hot gas duct No.   1 

H1R Hot gas duct No.   1 (Rankine) 

H2R Hot gas duct No.   2 (Rankine) 

IF Inlet fuel 

IO Inlet oxidizer 

1TF Isentropic turbine fuel 

1TO Isentropic turbine oxidizer 

N Nozzle 

NB Bypass nozzle (throat) 

65 



AEDC-TR-67-209 

NV Nozzle,  vacuum 

O Oxidizer 

OC Oxidizer pump calculated 

OF Outlet fuel pump 

OFIS Outlet fuel pump isentropic 

OM Oxidizer measured 

OO Oxidizer outlet 

PF Pump fuel 

PO Pump oxidizer 

PUVO Propellant utilization valve oxidizer 

RNC Ratio bypass nozzle,  critical 

SC Specific,  thrust chamber 

SCV Specific thrust chamber,  vacuum 

SE Specific,  engine 

SEV Specific,   engine vacuum 

T Total 

T0 Turbine oxidizer 

TEF Turbine exit fuel 

TEFS Turbine exit fuel (static) 

TF Fuel turbine 

TIF Turbine inlet fuel (total) 

TIFM Turbine inlet,  fuel,  measured 

TIFS Turbine inlet fuel isentropic 

TIO Turbine inlet oxidizer 

t Throat 

V Vacuum 

v Valve 

XF Fuel tank repressurant 

XO Oxidizer tank repressurant 
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PERFORMANCE PROGRAM EQUATIONS 

MIXTURE RATIO 

Engine 

Thrust Chamber 

TE 
WEF 

WEO = WOM - WXO 

WEF = *FM - WXF 

WE = WEO + wEr 

rC   = Wco 
»CF 

Wco =   WoM   -  Wxo   ~  WGO 

WCF   = WFM  -   *XF  -  WCF 

Wxo   = 0.8 lb/sec 

WXF   = 1-8 lb/sec 

WGO  = WT  -  WGF 

W 
WT 

°F   '■     1 + fG 

ffT      m   PTIF   ATIF  K7 
TC*TJF 

K7  =  32.174 

Wc = Wco + WCF 

CHARACTERISTIC VELOCITY 

Thrust Chamber 

C* = K? Pc A, 
^c 

K7  . 32.174 

67 



AEDC-TR-67-209 

DEVELOPED PUMP HEAD 

Flows are normalized by using the following inlet pressures,   tem- 
peratures,  and densities. 

P[0 = 39 psia 

PlF = 30 psia 

p,0 = 70.79 lb/ft3 

pIF = 4.40 lb/ft3 

Tio   =  -295.212°F 

TIF   - -422.547 °F 

Oxidizer 
T.        r/    /Poo       pio\ Ho " K< Wo" - K57 

Fuel 

K4 =  144 

p   =   National Bureau of Standards Values f (P,T) 

Hf  =  778.16 AhoFIS 

AhoFIS  ~   hOFIS  -  h|F 

hoFIS   =   f(P.T) 

hiF  =  f(P,T) 

PUMP EFFICIENCIES 

Fuel,  Isentropic 

hOFIS - "IF 
" " "   h0F-hIF 

hOF   -   «POF. TOF) 

Oxidizer,  Isentropic 

^o = 'toe Yo 

noc - K.„   <*m)\ K„ (<&£♦ K 

K45 = 5.0526 

K50 = 3.8611 

K5Q = 0.0733 

Yo = 1.000 

60 
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TURBINES 

Oxidizer,  Efficiency 

BT0 

BTO 

BlTO 

Kc 
Wpo   H0 

Vs       io 

K5      =  0.001818 

WPO  -  WoM  +  WpuvO 

Wpuvo 
/Zpuvo   POO 

N Hv 

ZpUVO =  A +  B  (Poo) 

A = -1597 

B   =  2.3828 

IF POO  >   1010 Set POO  -   1010 

In R  =   A3   +   B3 Wpuvo)  +  C WpuvO)3   ♦  n3 (e) 

öpuvo 

8 PUVO 

E3 (ffpuvo) (e> 

5.5659  x  10"1 

ApUVO 
7 

(e) 

Bj  »  1.4997  x  10-2 

C3   =  7.9413  x  lO-* 

D,  =  1-2343 

E3  =  -7.2554 x   10-2 

F3  =  5.0691  x  lCT2 

Öpuvo  =   16.5239 

Fuel, Efficiency 

BTF 
Vjp 

BITF 

B]TF  =  K10   Ahf   WT 

Ah|   =   hriF  -  hjEF 

BTF =  BPF = K5   (ÄLii.) 

WPF   =   WFM 

k10 1.4148 

Ks    -  0.001818 
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Oxidizer,   Developed Horsepower 

BTO = Bpo - Ks6 

WPO  Ho 
DPO  =   K5 ''o 

K 5 6 .15 

PPF   Hf 

Fuel,  Developed Horsepower 

3TF  =   BPF 

BPF = K5 
•i 

»PF  =  WFM 

Fuel,  Weight Flow 

WTF = WT 

Oxidizer Weight Flow 

WTO = WT - WB 

WB = 

PRNC = 

J9NB = 

yH2' MH2 = 

ANB = 

*M3 = 

TB[R = 

PBNI   = 

PTEFS = 

PTEF = 

^K7       H2 

VH2-1 
(PRNC) 

2 YH? -1  "I 

(PRNC) 
^H: ANB   

P
BM 

<RH2TBIR)
!

^ 

f (/8NB. ynv) 

DNB 

DB 

f(TH2R. Re) 

^13 DMB 

0.7854 

TTIO  +  460 

PTEFS 

Iteration of   PTEF 

TEFS 1   +   Kfl 
TEF5 

TH2R 
a* TEF M

H; 

>'H 2 - I 

>H2 

XH2 

K8  =  38.8983 
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GASGENERATOR 

Mixture Ratio 

re = Dx (THi)3 + C^THI)
2
 + BJCTH))  * At 

A, = 0.2575 

B, = 5.586 x  10-* 

Cj = -5.332   x  1(T5 

Dl = 1.1312  x   10-11 

THI = TrtFM 

Flows 

TC*TIF = D2(THi)3 + C2(THI)
2
 + B2(THI) + As 

A2 =  4.4226 x   103 

B2 =  3.2267 

C2 =  -1.3790  x   10~3 

D„ =  2.6212  x  10"7 

PTIF   =   PTIFS 1  +  KB 
THIB 

PTtFS/        Q4TIF MHJ >Hl 

YH\ 
yHl-1 

Kq  =  38.8983 
0 

Note: PTIF   is determined ty iteration. 

THIR - TTIF 

MHI, YHI, Cp, rHl = i (THIR.TG) 
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